Abstract Land degradation is an important problem in Ethiopia, with more than 85 % of the land degraded to various degrees. Recent estimates using satellite imagery show that land degradation hotspots over the last three decades cover about 23 % of the land area in the country. The assessment of nationally representative household survey shows that important drivers of sustainable land management in Ethiopia are biophysical, regional and socio-economic determinants. Specifically, access to agricultural extension services and markets and secure land tenure are important incentives to adoption of sustainable land management practices. Thus, policies and strategies relating to securing tenure rights, building the capacity of land users through access to extension services, and improving access to input, output and financial markets should be considered in order to incentivize sustainable land management. Important local level initiatives and institutions to manage grazing lands and forests through collective action should also be encouraged. We use the Total Economic Value approach (TEV) to estimate the cost of land degradation in Ethiopia. The annual cost of land degradation associated with land use and cover change in Ethiopia is estimated to be about $4.3 billion. Only about 51 % of this cost of land degradation represents the provisioning ecosystem services. The remaining 49 % represent the loss of supporting and regulatory and cultural ecosystem services. Use of land degrading practices in maize and wheat farms resulted in losses amounting to $162 million-representing 2 % equivalent of the GDP in 2007. The costs of action to rehabilitate lands degraded during the 2001-2009 period through land use and cover change were found to equal about $54 billion over a 30-year horizon, whereas if nothing is done, the resulting losses may equal almost $228 billion during the same period. Thus, the costs of action against land degradation are lower than the costs of inaction by about 4.4 times over
Introduction
Ethiopia is one of the most highly populated countries in Africa with about 92 million people (United Nations, 2012, cited by World Bank 2013). Rain-fed agriculture employs 80 % of the population, forming the basis of Ethiopia's economy. Despite a consistent, relatively high growth over the past decade (CSA 2013) , the agricultural sector is still characterized by subsistence nature and low productivity. The reasons for this low productivity are many and complex. Environmental degradation, as exhibited in land and water resources' degradation together biodiversity loss, remains a key development challenge for the Ethiopian agriculture.
Ethiopia experiences several types of land degradation ranging from water and wind erosion; salinization (and recently acidification); and physical and biological soil degradation. The Global Mechanism (2007) estimated that over 85 % of the land in Ethiopia is moderately to very severely degraded, and about 75 % is affected by desertification. Soil erosion, with its associated loss of fertility and rooting depth, water resource degradation and loss of bio-diversity (Eyasu 2003) , is a key problem that undermines land productivity in the highlands of Ethiopia. Soil erosion is particularly serious in the high and low potential cereal zones of the north-central highlands. In regions such as Wolo, Tigray and Harerge, 50 % of the agricultural lands have soils with depths less than 10 cm, which make them unsuitable for farming (Eyasu 2003; Kidane 2008) .
The costs of land degradation, which has been going on for centuries in Ethiopia (Kidane 2008) , are substantial and include both direct and indirect costs, such as on-farm soil nutrient loss (direct) and other indirect losses, such as lower food security and higher poverty (Berry 2003) .
Farmers in different parts of the country realize soil erosion as an immediate threat to their livelihood and apply different traditional soil and water conservation practices. Despite some positive progress over time, the impact of investments in remedial actions is either hard to quantify (or less researched), but seems to be of scale smaller than the scope and the complexity of the problem. Under the prevailing natural and socio-economic conditions, farmers in most parts of the country cannot cope with the rapid rate of soil erosion and nutrient mining. With a continued population growth, the problem is likely to persist in the future (Shiferaw and Holden 1999) .
Most studies conducted on the cost of land degradation in Ethiopia indicate that land degradation is one of the most serious problems facing the country's agriculture and food security. Some authors even warn that 'eradicating extreme poverty without adequately addressing land degradation is highly unlikely'. The proximate drivers of land degradation in Ethiopia include forest clearance and soil surface exposure (high removal of vegetative cover); detrimental cultivation practices with emphasis on small-seed crops that require a fine tillage; and overgrazing. Due to land shortage and lack of alternative livelihoods, farmers cultivate lands that have slopes more than 60 % with shallow and stony soils prone to erosion. Slopes more than 30 % should not normally be used for agricultural purposes, but rather allocated to natural vegetation or forestry. However, in Ethiopia there is no land use policy that prohibits farmers from using such lands and thus, more and more marginal lands are cultivated (Eyasu 2003) . Several factors including poverty, land fragmentation and high human and livestock population pressure act more indirectly as driving forces for land degradation. Pressure from human and livestock leads huge removal of vegetation cover to meet increasing crops, grazing and fuel wood demand.
Despite a vast accumulation of knowledge and evidence on the impacts of land degradation and a well-documented database of its proximate and underlying causes, progress to address the problem is at best mixed. The Ethiopian government reaffirms its commitment to address the problem in its official policies, stated in the Growth and Transformation Plan (GTP) yet the undertaking and investments to halt the problem are far lower than the scope and the complexity of the problem. Natural resource management and conservation has been taken up as an important intervention in all parts of Ethiopia. The overwhelming proportion of these activities is accomplished through popular participation (mass mobilization). But it is not clear to what extent these initiatives are based on evidence on the ground. In addition, these interventions are yet to deliver results.
Most of the prescriptions to tackle the problem such as the numerous conservation programs financed through food/cash aid projects, for instance, focus excessively on technical solutions, to the negligence (or inadequate attention) to policy and institutional factors. Genanew and Alemu (2012) indicate that "policies and programs were adopted based on incorrect assumptions and little understanding of the incentives and constraints related to land conservation-which could be misleading". These problems are compounded by little previous research (Shiferaw and Holden 1999) . As time passes, the dynamics and complexity of the problem have been increasing due to a host of factors such as population growth, poverty effects, climate effects, etc.
Mitigating land degradation and fostering sustainable land management practices needs a suitable policy framework that sufficiently accounts for the interest of present and future generations in a dynamic and evolving environment. Consequently, actions to prevent and reverse the problem should consistently be based on context specific and continuous research findings. Recognizing the extent of land degradation and its impact on rural food security and livelihoods of rural people, the Ethiopian Government, with aid from several international agencies, initiated a massive program of soil conservation and rehabilitation in the worst affected areas since early 1980s (Eyasu 2003) . Since then both the government and donors initiated large-scale soil conservation programs that implement a variety of conservation measures (terraces, bunds, tree planting, and closure of grazing areas etc.). There exists little information on the impact of these actions. The efforts to address the problem become more complicated because there is not sufficient emphasis on institutional and participation issues (Berry 2003) . It is, therefore, important to study the role of such factors as well as the political economy of implementing technical remedies (or the transaction costs of policy and institutional reforms required to implement identified technical remedies).
Given the extent of the land degradation problem and a limited impact of interventions so far made both by the government and the international community, the country needs to revisit shortcomings (in existing strategies, projects and programs) that hamper sustainable land management and development. Efforts should be made to identify gaps and opportunities in existing (technical) knowledge as well as in policy and institutional factors that hamper or facilitate the implementation of technical remedies.
Many of the land ecosystems services are not transacted in markets, thus different actors do not pay for negative or positive effects on those ecosystems. Thus, farmers do not consider the value of these externalities their land-use decision. This eventually leads to an undervaluation of land and its provision of ecosystem services ). On the other hand, institutional issues like communal or public ownership of farm lands as well as high poverty/food insecurity level make efforts to address land degradation difficult and complex.
The present study aims to contribute to the knowledge and on-going discussions on addressing land degradation in Ethiopia by it analysis of key proximate and underlying drivers of land degradation and sustainable land management (SLM) in in the country and by estimating and comparing the costs and benefits of action versus costs of inaction against land degradation in Ethiopia.
Literature Review

Land Degradation in Ethiopia
The most common form of land degradation in Ethiopia is soil erosion by water. Soil erosion is indeed considered the most significant environmental challenge to the food security of the population and future development prospects of the country (Wagayehu 2003) . A considerable volume of information has been produced since the mid-1980s regarding soil erosion in Ethiopia (Barbier 1989 (Barbier , 2000 FAO 1986; Hurni 1993 among others, all cited Eyasu 2003 . But there is a lack of reliable and consistent data on the extent and rate of soil loss (tones/ha/year). Different data sources report different estimates on the amount of soil loss from arable land. As shown below in Table 14 .1, the current rates of soil erosion in Ethiopia are estimated to vary between 42 and 300 tones/ha/year.
The wide range of estimates in soil erosion rate is indicative of the complex patterns of spatial and temporal variations and conceptual and methodological difficulties inherent in making such estimates. Obviously there is considerable variability of erosion rates over time and place depending on agro-ecological zone and soil type. Soil erosion occurs at varying rates and with varying degrees in different parts of the country. Deforestation, forest burning and expansion of cultivated lands to marginal lands have also contributed to the widespread problem of land degradation in the country. 'About 70 % of Ethiopia's highland population and an area of over 40 million ha are affected by land degradation' (Melaku 2013) , indicating the scale and extent of the problem confronting the country.
Economic Studies of Land Degradation in Ethiopia
Land degradation has high economic costs in Ethiopia. There exist several studies dealing with land degradation at the national level in Ethiopia. Some of these studies include; the Highlands Reclamation Study by FAO in 1986; the Ethiopian Forestry Action Plan (1993), the National Conservation Strategy Secretariat (Sutcliffe 1993) , the Effect of Soil Degradation on Agricultural Productivity in Ethiopia by Keyser and Sonneveld in 2001 (see Berry 2003; Eyasu 2003) and the Economics of Soil and Water Conservation by Wagayehu (2003) . These studies investigate a wide range of issues ranging from the causes, nature, extent and economic cost of the land degradation problem to the potential remedial actions necessary to tackle the problem.
Though the conclusions from these studies vary in detail, many of the authors argued on the following few silent points. First, many argue that Ethiopia has a long history of widespread and serious land degradation in all of its regions. Second, the 'problem of land degradation attracted the attention of policy-makers only after the consequences became felt during recent decades' (Wagayehu 2003; Shiferaw and Holden 1999; Shibru and Kifle 1998 cited by Kidane 2008) when the Ethiopian Government, with aid from the international agencies, initiated a massive program of soil conservation and rehabilitation in the worst affected areas. Third, most of the remedial measures focused largely on physical structures including terracing, bunds, tree planting and, to some extent, closure of grazing areas, as well as increased use of Eyasu (2003) chemical fertilizers and relatively high negligence of policy and institutional issues (Berry 2003; Eyasu 2003; The Global Mechanism 2007) , which has greatly reduced the impact as well as sustainability of investments on SLM. Despite all the extension efforts, there is a steadily increasing rate of land degradation.
Based on findings of previous studies, the next section tries to identify and examine the drivers of land degradation in Ethiopia and its impacts on rural livelihoods and food security. It also reviews the stock of knowledge on sustainably managing agricultural land and preventing and mitigating the impacts of land degradation. It also tries to identify gaps in knowledge for future studies.
Drivers of Land Degradation in Ethiopia
Poor land-use practices and population pressure are the major drivers of land degradation in Ethiopia (Genanew and Alemu 2012; Berry 2003) . High population pressure, especially in the highland, has led to a decline in arable area, which in turn led to agricultural encroachment onto marginal areas. Several other factors contribute to the unsustainable land management in Ethiopia. The patterns of land ownership and government control, low levels of investment in agriculture and animal husbandry, poor rural infrastructure and markets and low levels of technology are cited as the underlying causes of land degradation by Berry (2003) . Policy failures and lack of capacity to implement government interventions also contribute to land and other resource degradation (The Global Mechanism 2007; Wagayehu 2003) .
The less-than-desired and largely unsustainable impact of series of conservation measures usually involving physical structures such as terraces, bunds and tree planting, among others, is explained by lack of policy action or framework that is essential to address (or minimize the effect of) the externalities of benefits or costs associated with participation or lack of participation in such programs (by farmers). This problem is attributed to the relative negligence of policy and institutional factors in the numerous conservation programs financed through food/cash aid projects (Berry 2003; Eyasu 2003) . This problem is compounded by little evidence-based and action-oriented research (Shiferaw and Holden 1999; von Braun et al. 2013) .
Another key driver of the problem is a lack of capacity and/or commitment to address the problem appropriately. Inconsistent, partial or insufficient interventions reinforce the problem while eroding the capacity of farmers/the real victims/and local authorities to deal with the problem fundamentally. Most interventions focus on addressing the symptoms of the problem (i.e. reducing the human cost of the problem, distress sales of assets) at the expense of long-term and long-lasting solutions. In other words, by focusing on short-term solutions, such interventions encourage inaction or the postponement of real-actions (i.e. actions by beneficiaries and authorities to address the root cause of the problem).
A review to document various proximate and underlying drivers of land degradation in Eastern Africa, including Ethiopia, has been carried out by Kirui and Mirzabaev (2014) . A summary for Ethiopia is presented in Table 14 .2. Important proximate drivers of land degradation include; topography, unsustainable agricultural practices, and land cover change (forests, woodlands, and shrub-land conversion to new agricultural land uses). Similarly, the pertinent underlying drivers of land degradation include weak policy and regulatory environment and institutions, poverty, demographic growth, low empowerment of local communities, infrastructural development and unclear user rights (especially land tenure).
Impacts of Land Degradation on Rural Livelihoods and Food Security
Land degradation has a negative implication to household food security status and contributes directly to the reduction in livelihoods among the rural communities in Ethiopia. The immediate consequence of land degradation is lower crop yields, leading to higher poverty rates among agricultural households. Based on a review of recent studies conducted by a range of institutions and scientists, the Global Mechanism to Combat of Desertification of the UN (UNCCD) shows that the country loses about 30,000 ha of agricultural land annually due to water erosion, and more than 2 million ha are degraded (National Review Report 2002) . Based on experts' opinion, Dregne (1991) recounted an irreversible soil productivity loss in about 20 % of Ethiopia agricultural land due to water erosion. Ethiopia loses an estimated 1 billion tons of topsoil annually as a result of soil erosion alone (Berry 2003) . Further losses of about $23 million of forest as a result of deforestation and $10 million of livestock capacity are also reported annually (Yesuf et al. 2005) .
In addition to these estimates on the rate and extent of land degradation via soil erosion, deforestation, over-grazing etc., many other studies provide quantitative estimates on the cost of land degradation. A study by Teketay (2001) , for instance, estimates that "reduced soil depth caused by erosion resulted in a grain production loss of 57,000 (at 3.5 mm soil loss) to 128,000 tons (at 8 mm soil depth) in 1990 alone. It has been estimated that the grain production lost due to land degradation in 1990 would have been sufficient to feed more than four million people'' (Teketay 2001) . Similarly, Berry (2003) estimates that land degradation and other Source Kirui and Mirzabaev (2014) unsustainable land management practices cost the country (via loss of soil and essential nutrients) about three percent of its agricultural Gross Domestic Product (GDP) or $106 million (1994$). Bojö and Cassells (1995) also estimate that Ethiopia loses about 3 % of the agricultural gross domestic production due to soil erosion and nutrient loss. While modelling the impact of water erosion on food production in Ethiopia, Sonneveld (2002) reported a range of potential reduction in production of 10-30 % by 2030.
The most critical and urgent on-site impact of soil erosion to the farmers are decline in both the current and potential crop and livestock yields-which translate into income loses. The consequences of soil erosion may also be viewed in the need to use more inputs to maintain soil productivity so as to attain the same level of yield (Wagayehu 2003) . The impact of land degradation on agricultural productivity represents an on-site cost. However, soil erosion from agricultural fields has also serious external or off-site effects, which indirectly affect the rest of society. The external effects of soil erosion are caused by sedimentation of hydroelectric dams, pollution of municipal water reservoirs, ponds, etc. For instance, the hydroelectric generation capacity of the Koka dam, one of the major dams in Ethiopia, is severely affected by sedimentation. It is estimated that about 30 % of the total storage volume of the reservoir has already been lost to sedimentation (EEPC 2002 , cited by Eyasu 2003 , which had a negative impact on the annual energy generation from the plant. The effect of land use change (such as expansion of the agricultural frontier and the migration of households and communities towards pastoral land, fragile ecosystem) is another off-site (or on-site) effect of soil erosion (Kirui and Mirzabaev 2014) .
Other off-site environmental effect of land degradation due to soil erosion and deforestation include its effect on the biodiversity of the country and many ecosystem services (e.g. nutrient cycling, soil formation), regulating (e.g. flood regulation, water purification), cultural, spiritual and recreational services for the present and future generations (Nkonya et al. 2011 ).
Methods and Data
The empirical approaches used to estimate the determinants of SLM adoption and the number of SLM technologies adopted are discussed in detail in this section. These methods are based on the methodological Chap. 2, and are consistently applied throughout several case studies in this volume, specifically, in Chaps. 16 and 20.
Determinants of SLM Adoption: Logit Regression Model
Land degradation usually occurs due to lack of sustainable land management practices. Factors preventing households from adopting SLM practices are also likely to cause land degradation. Therefore, analyzing the drivers of SLM is similar in its implications as analyzing the drivers of land degradation. The adoption of SLM technologies/practices in this study refers to use of one or more SLM technologies in a given plot.
The adoption of SLM technology/practice in a farm plot was measured as a binary dummy variable (1 = adopted SLM in a farm plot, 0 = otherwise). The two appropriate approaches to estimate such binary dummy dependent variable regression models are the logit and the probit regression models. Here we use the logit model.
The reduced form of the logit model applied to nationally representative agricultural household survey data from Ethiopia is presented as:
where, A = Adoption of SLM technologies; x 1 = a vector of biophysical factors (climate conditions, agro-ecological zones); x 2 = a vector of demographic characteristics factors (level of education, age, gender of the household head); x 3 = a vector of farm-level variables (access to extension, market access, distance to market, distance to market); x 4 = vector of socio-economic and institutional characteristics (access to extension, market access, land tenure, land tenure); z i = vector of country fixed effects; and is the error term. Robust checks are carried out to check these misspecifications. Further, assessment beyond adoption to intensity (number) of SLM adoption can also counter such inherent weakness. We explore this option in our study.
Determinants of Number of SLM Technologies Adopted: Poisson Model
The number of SLM technologies and the corresponding proportion of plots in which these technologies were applied are as presented in Table 14 .8. The number of SLM technologies is thus a count variable (ranging from 0 to 6 in our case). Thus the assessment of the determinants of the number of SLM technologies adopted requires models that accounts for count variables. For this reason, here we apply the Poisson regression model (PRM). The reduced form of the Poisson regression is presented as follows:
where, A = Number of SLM technologies adopted; and the vector of explanatory variables x i are similar to those used in Eq. 14.1; (i.e. x 1 = a vector of biophysical factors (climate conditions, agro-ecological zones); x 2 = a vector of demographic characteristics factors (level of education, age, gender of the household head); x 3 = a vector of farm-level variables (access to extension, market access, distance to market, distance to market); x 4 = vector of socio-economic and institutional characteristics (access to extension, market access, land tenure, land tenure); z i = vector of country fixed effects; and is the error term).
Cost of Action Verses Inaction Against Degradation
Refer to Chap. 6 of this volume for a comprehensive discussion on the empirical strategy to estimate the costs of land degradation (due to LUCC and due to use of land degrading practices) and also the empirical strategy to estimate the costs of taking action against land degradation.
Data and Sampling Procedure
This study uses the Ethiopia Rural Socioeconomic Survey (ERSS) data collected during the period October 2011-March 2012 by the Central Statistical Agency (CSA) in Ethiopia. The ERSS sample is designed to be representative of rural and small town areas of Ethiopia. Based on population estimates from the 2007 Population Census, the CSA categorizes a town with a population of less than 10,000 inhabitants as small. The ERSS rural sample is a sub-sample of the Annual Agricultural Sample Survey (AgSS) while the small town sample comes from the collection of small town Enumeration Areas (EAs). The sample is a two-stage probability sample. The first stage of sampling entailed selecting primary sampling units-the CSA's enumeration areas (EAs). For the rural sample, 290 enumeration areas were selected from the AgSS enumeration areas based on probability proportional to size of the total enumeration areas in each region. For small town EAs, a total of 43 EAs were selected. The second stage involved a random selection of households to be interviewed in each EAs. For rural EAs, a total of 12 households were sampled in each EA. Of these, 10 households were randomly selected from the sample of 30 AgSS households.
The AgSS households are households which are involved in farming or livestock activities. Another 2 households were randomly selected from all other households in the rural EA (those not involved in agriculture or livestock production). In some EAs, there is only one or no such households, in which case, less than two non-agricultural households were surveyed and more agricultural households were interviewed instead so that the total number of households per EA remains the same. In the small town EAs, 12 households are selected randomly from the listing of each EA, with no stratification as to whether the household is engaged in agriculture/livestock. Households were not selected using replacement. The sample covers a total of 3969 households (24,954 farm plots).
Choice of Independent Variables for Econometric Estimations
The choice of relevant independent variables is based on economic theory, empirical review of previous literature, and data availability. These variables have been grouped as biophysical, demographic, plot, and socio-economic variables. Brief descriptions alongside the direction of the hypothesized effects of these variables on SLM adoption are presented in Table 14 .3. The positive sign means a positive relationship is expected, while the minus sign means that a negative relationship is expected. When both plus and minus signs are given, there are no specific theory-based expectations made, but the relationship is considered a matter of empirical investigation. 
Results and Discussion
Extent and Trends of Land Degradation in Ethiopia
The use of satellite-based imagery and remote sensing techniques to identify the magnitude and processes of land degradation at different levels has increased recently. This involves the use of Normalized Difference Vegetation Index (NDVI) derived from Advanced Very High-Resolution Radiometer (AVHRR) data. This approach was previously used by Evans and Geerken (2004) , Bai et al. (2008) , Hellden and Tottrup (2008) , and Vlek et al. (2010) . Using this technique, Bai et al. (2008) estimated that about 26 % of Ethiopian territory was experiencing land degradation processes between the periods 1981-2003; affecting about 30 % of the population over the same period (Table 14 .4).
More recently, Le et al. (2014) , Chap. 4, carried out an assessment using improved techniques which correct for the effect of atmospheric and chemical fertilizations, and rainfall factors. Unlike the study by Bai et al. (2008) , their estimation also considers the major land use/cover types of every country covered in their study. The results for Ethiopia (Fig. 14.1) show that land degradation occurred in about 228,160 km 2 (or 23 % of total land area) between 1982 and 2006. A look at land use land cover types shows that the areas that experienced much degradation include sparse vegetation (32 %), mosaic forest-shrub/grass (27 %), shrub-land (20 %) and mosaic vegetation-crop (19 %). These degradation and improvement hotspots are depicted in Fig. 14.1 .
Land degradation can occur in two ways-either through productivity decline as a result of such factors as soil erosion, nutrient depletion and mining or changes in land use/land cover (from more economically and environmentally productive land Bai et al. (2008) 35904 ( Table 14 .5. Table 14 .6 presents percentage change in LULC change by region and nationally; with year 2001 as a baseline. Nationally, results show significant increases in the cropped area (33 %) and shrublands (7 %). Significant losses were reported in forests (26 %), grasslands (11 %), and water (8 %). About 12 % of barren land was also brought into use during this period. There was no significant change in the urban land. There are variations however by region as described below.
While substantial increases are reported for cropped land in Harari (750 %), Gambela (101 %), Addis Ababa (55 %), Amhara (54 %) and Tigray (48 %); significant decreases were reported in Benshangul (65 %), Afar (36 %) and Somali (29 %) regions. These changes may be associated to the conversion of forests and grasslands to cropland. A closer look in the table shows that forests decreased in all the regions (shift to cropland and shrublands) ranging from (16-100 %) except in Afar and Gambela where it increased by 4 % and 32 % respectively. Similarly, grasslands decreased in all regions by about 9-70 % except only in Amhara region where it increased by about 7 %. The other important LULC change is the decrease of woodlands (shift to cropland and shrublands) in all regions except some reported increase in Southern (6 %), Oromia (14 %) and Gambela (34 %) regions.
Economic Costs of Land Degradation
As discussed earlier, several studies have previously tried to impute the costs and consequences of land degradation in Ethiopia. However, most of these studies estimated the cost of degradation via proxies such as productivity losses, cost of siltation to dams, the additional costs of increased input usage (especially fertilizer etc.). In this study, we estimate the costs of land degradation associated with LULC change following the TEV framework. Total Economic Value (TEV) refers to the total value of ecosystem services. TEV of the ecosystem is reported as the sum of use values and non-use values of the ecosystem services, both market and non-market ecosystem services. Further description of the TEV framework is presented by Nkonya et al. (2011 ), Kumar (2010 and Chap. 6 of this book.
A summary of the TEV for Ethiopia as well as its relationship to GDP are presented in Table 14 .7. Our results show that there was a decline in the TEV between 2001 and 2009 of about 5 % due to LULC change. Highest losses were recorded in Harari (30 %), Addis Ababa (24 %), Dire Dawa (23 %), and Tigray 
Cost of Land Degradation
Cost of Land Degradation Due to Land Use Cover Change (LUCC)
The total terrestrial ecosystem value and the loss of ecosystems values due to land use and cover change (LUCC) are reported in Table 14 .9 shows the simulated results of rain-fed maize yield under business-as-usual (BAU) and ISFM scenarios for a period of forty years. Results further show that average maize yield are higher under ISFM-2.8 tons/ha (baseline) and 2.4 tons/ha (end-line) as compared with the BAU scenario-2.4 tons/ha (baseline) and 1.8 tons/ha (end-line) periods. However, there is a yield decline between the end-line and baseline periods for both ISFM and BAU scenarios. Under ISFM, yield end-line yield declined by about 13 % while under BAU scenario, yield declined by about 25 %. Overall, the yield decline due to use of land management practices in maize plots is about 36 %. Similarly, simulation analysis show that the yield of wheat declined by about 25 % due to use of land degrading management practices on rain-fed wheat as compared to yield in the previous 30 years. Under ISFM, yield declined by about 8 % while under BAU yield declined by about 20 %.
Cost of Land Degradation Due to Use of Land Degrading Practices
The annually cost of land degradation for the two crops is about $162 million (or about 2 % of the GDP). Following FAOSTAT (2013) these three cereals (maize, rice and wheat) account for about 40 % of the cropland globally. While assuming similar levels of land degradation is analogous to that happening on the entire cropland, thus the overall cost of land degradation on entire cropland is about 3.8 % of GDP in Ethiopia (Table 14 .10). Table 14 .11 shows the simulated results of costs of loss of milk, meat, and costs associated with weight loss of animals not slaughtered or sold associated with land degradation in grazing biomass. Chapter 8 of this volume presents a comprehensive approach to modelling these costs. The results shows that land degradation in rangelands had a negligible effect on milk and meat production. The total annual costs of milk and meat production losses were about $38 million and $2.4 million respectively. The bigger proportion of milk and meat losses is experienced in warm semi-arid ($10.8 million), and warm sub-humid ($8.5 million). The total annual gross loss was about $52 million. The bigger proportion of the total gross losses is consequently experienced in warm semi-arid ($14 million), warm sub-humid ($11.2 million) and cool sub-humid ($10.4 million) agro-ecologies.
Cost of Loss of Milk and Meat Production Due to Land Degradation in Grazing Lands
Cost of Action and Inaction Against Land Degradation Due to LUCC
Results of the assessment of the costs of action against land degradation which help in determining whether the action against land degradation could be justified economically are presented in Table 14 .12. As Nkonya et al. (2013) note, an action against land degradation will be taken if the cost of inaction is greater than the cost In a 6-year period, the total cost of action to about $54 billion while the cost of inaction summed to about $169 billion. In a 30-year horizon, the costs of action were about $54 billion. However, the cost of inaction (if nothing is done to address land degradation) the resulting losses may equal almost $228 billion during the same period. The implications is that, the costs of action against land degradation are lower than the costs of inaction by about 4.4 times over the 30 year horizon; i.e. the ratio of action to cost of inaction is 24 %. This implies that each dollar spent on addressing land degradation is likely to have about 4.4 dollars of returns.
Adoption of SLM Practices/Technologies in Ethiopia
Based on farmers' responses, six SLM practices were considered including crop rotation, intercropping, improved seeds, 1 use of manure, use of chemical fertilizers, and soil erosion control (such as soil bunds, stone bunds, gabions, grass strips, terraces among others) were selected as major SLM technologies/practices adopted by small farmers in Ethiopia.
As shown in Fig. 14.2 below crop rotation, chemical fertilizer use and inter-cropping are the most common SLM practices adopted by most farmers. Crop rotation was practiced in about 56 % of the plots while fertilizer was used in about 39 % of the plots (Fig. 14.2 We consider improved seeds as SLM technology following the definition by Liniger (2011) and Liniger et al. (2011) . The adoption of a new technology, such as improved seeds, is usually a choice between traditional and new technology. Farmers' decision to adopt or not to adopt is, thus, based on the profitability of the technology.
We present the distribution of the number of SLM practices/technologies used in farm plots in Table 14 .13. The distribution ranged from 0 to 6. About 15 % of the surveyed households did not apply any SLM technologies in their farm plots. Further, our assessments show that only one SLM technology was used in about 33 % of the plots. Similarly, two SLM technologies were applied in about 27 % of the plots. Fewer plots applied more than two SLM technologies simultaneously in one plot. In total, about 17 and 7 % of the plots applied three and four SLM technologies in one plot in the region. Very few plots applied five SLM technologies (0.7 %) (Table 14.13).
Determinants of SLM Adoption: Logit Model
The results of the Logit regression model on the determinants of adoption of SLM technologies are presented in Table 14. 14. An adopter was defined as an individual using at least one SLM technology. The assessment is done at plot level. The model fit the data well; it is statistically significant at 1 % with a log likelihood ratio (Chi 2 (30)) of 1649 and Pseudo R 2 = 0.1387 (Table 14 .14). The proximate factors that significantly determine the likelihood of adopting SLM technology include temperature, rainfall, and agro-ecological zonal characteristics. Both rainfall and temperature positively influence the probability of using SLM technologies. However, plots located in warm humid/sub-humid, cool arid semi-arid agro-ecological zones or cool humid/sub-humid are less likely to adopt SLM technologies compared to those located in warm arid/semi-arid agro-ecology.
The adoption of SLM technologies is also significantly influenced by household-level variables such as age, gender and education level of the household head, and family size. Age variable is positively significant while age squared was negatively significant indicating that adoption increase with age but at a decreasing rate. Male-headed households are also more likely to adopt SLM technologies compared to their counterparts. Education and the abundance of labor supply through larger bigger family size positively influence the adoption of SLM technologies. The effect of plot level characteristics on the adoption of SLM technologies is also evident in our analysis. Steeper slopes have a positive relationship with the adoption of SLM technologies. Similarly access to extension services positively influence the adoption of SLM technologies. Market access also acts as a significant determinant of SLM technologies. This is shown by the negative significant relationship between the distance from the plot to the market and the adoption of SLM Annual mean temperature (°C) 0.134*** 0.013 0.024*** 0.004 Annual mean temperature square −0.000*** 0.000 −0.000*** 0.000
Annual mean rainfall (mm) 0.005*** 0.001 0.001*** 0.000 Annual mean rainfall square −0.000*** 0.000 −0.000*** 0.000
Temperature × rainfall 0.000 0.000 0.000*** 0.000 Elevation (meters above sea level) 0.000 0.000 0.000*** 0.000 AEZ ( technologies. The number of SLM technologies adopted is also significantly incentivized by such socio economic variables such as access to credit and the household per capita expenditure. While access to credit positively influences the adoption of SLM technologies, the relationship between household per capita expenditure and adoption of SLM technologies is however negative.
Determinants of Number of SLM Practices Adopted: Poisson Regression
The results of the Poisson regression on the determinants of the number of SLM technologies used by households are also presented in Table 14 .14. The assessment is also done at plot level. The model fits the data well-it is statistically significant at 1 % with a log likelihood ratio (Chi 2 (30)) of 1537 and Pseudo R 2 = 0.305. There was no evidence of dispersion (over-dispersion and under-dispersion). We estimated the corresponding negative binomial regressions and all the likelihood ratio tests (comparing the negative binomial model to the Poisson model) were not statistically significant-suggesting that the Poisson model was best fit for our study objective. Results show that several proximate and underlying factors significantly determine the number of SLM technologies adopted (Table 14 .14).
Among the proximate biophysical factors that significantly determine the number of SLM adopted include temperature, rainfall elevation, latitude and longitude positions, and agro-ecological zonal characteristics. The relationships between these factors and number of SLM technologies adopted are mixed. For example, the proximate biophysical factors that positively influence the number of SLM technologies adopted include temperature, rainfall and elevation. However, being in warm humid/sub-humid or in cool arid semi-arid agro-ecological zones (as compared to warm arid/semi-arid) has a negative significant influence on the number of SLM technologies adopted. The number of SLM technologies adopted has a negative relationship with latitude and longitude but a positive relationship with the interaction of latitude and longitude.
Among the household-level variables, only education level of the household head and family size were significant in influencing the number of technologies adopted. Education and the abundance of labor supply through larger bigger family size positively influence the adoption of more SLM technologies.
We also assessed the effect of plot level characteristics on the number of SLM technologies adopted. The ownership of land title (deed) is an incentive to investment on several SLM technologies. Similarly access to extension services positively influence the adoption of several SLM technologies.
Market access also acts as a significant determinant of the number of SLM technologies. The farther away from the market, the less the number of SLM technologies adopted. We also find a negative significant effect between the size of the farm and the number of SLM technologies used. The number of SLM technologies adopted is also significantly incentivized by such socio-economic variables such as access to and amount of credit accessed.
Local and Community-Level Initiatives to Address Land Degradation in Ethiopia
The actions that the communities take to address loss of ecosystem services or enhance or maintain ecosystem services improvement are presented in Table 14 .15. For example, afforestation is one key action taken to address loss of forests' ecosystem services and to enhance ecosystem services improvement within forest ecosystems in Kemona, Ifabas, Jogo and Garambabo communities. To further curtail deforestation, area closures and stricter enforcement of existing bylaws and enacting new laws were some of the approaches taken by local communities in Kemona, Ifabas and Koka Negewo. The bylaws constitute community sanctions and fines and imprisonment with the help of government law enforcement agencies.
The most common approach applied to maintain or address the deterioration in the quality of cropland was soil fertility management (use organic and inorganic fertilizer). Other SLM practices such as crop rotation and use of soil and water conservation measures (such as crop and fallow rotations, soil and stone bunds, and terracing).
Likewise, area closure, controlled grazing and community sanctions for overgrazing were the most common approaches used to maintain the quality and address decline in grassland ecosystem service values. Area closures (zoning)-when accompanied by community bylaws to sanction and punish offenders-were a particularly successful way to address degraded community grasslands.
Conclusions
The solutions to land degradation need to be based on through addressing their local drivers. Better understanding of households' behavior about land management as well as policy and institutional factors that affect such decisions are crucial, but usually underestimated in most measures to address land degradation in Ethiopia. Many forms of land degradation occur in Ethiopia: water and wind erosion; salinization and acidification, and both physical and biological degradation of soils. More than 85 % of the land in Ethiopia is estimated to be moderately to very severely degraded, and about 75 % is affected by desertification. Recent estimates using satellite imagery show that land degradation hotspots over the last three decades cover about 23 % of land area in Ethiopia.
The analysis of nationally representative household surveys shows that the key drivers of SLM in Ethiopia are biophysical, demographic, regional and socio-economic determinants. Access to agricultural extension services, secure land tenure as proxied by ownership of land title deed and market access are important incentives to the adoption of SLM and the number of SLM technologies adopted. Thus, policies and strategies relating to securing tenure rights, building the capacity of land users through access to extension services, and access to financial and physical assets may incentivize SLM uptake. The local institutions to manage grazing lands and forests through collective action need to be encouraged.
The total value of land ecosystem services for Ethiopia is estimated to be about US$206 billion. The annual cost of land degradation is about $4.3 billion. Only about $2.2 billion (51 %) of this cost of land degradation represent the provisional ecosystem services. The other (49 %) represents the supporting and regulatory and cultural ecosystem services. Use of land degrading practices in croplands (maize and wheat) was estimated to result in losses amounting to US$162 million-representing 2 % of GDP. The costs of land degradation on static grazing land (loss of milk, meat and the cost of weight loss of animals not slaughtered or sold) were estimated to amount to $52 million.
The costs of action to rehabilitate lands degraded between 2001 and 2009 due to land use and land cover change were found to equal about US$54 billion over a 30-year horizon, whereas if nothing is done, the resulting losses may equal almost US$228 billion during the same period. This implies that the costs of action against land degradation are lower than the costs of inaction by about 4.4 times over the 30 year horizon; i.e. the ratio of action to cost of inaction is 23 %. This implies that each dollar spent on rehabilitating degraded lands in Ethiopia may return about 4.4 dollars.
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Annex
See Tables A.1, A.2 and A.3. 
